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Figure 2.1 Schematicdiagramof the hypothesizedTTL (TropopauseTransi-
tion Layer),denotedby thepaleblueregion between� 13.5km and � 19 km.
Deepconvectionis shown penetratingthebottomof theTTL. Transportwithin
theTTL is characterizedby inputof air mixedacrossthesubtropicaltropopause
drivenprimarily by troposphericweathersystems(e.g.,thesummermonsoons),
by quasi-horizontalmixing with extra-tropicalstratosphericair, andby slow as-
centto theoverworld (theregion whereall isentropesexist solelyin thestrato-
sphere).J.R. Holton,privatecommunication,2000.



Figure 2.2 Climatogical valuesfor Januaryof: Top � calculatedeastward
componentof velocity at 200 and 100 mbar; Middle � calculatedoutgoing
longwave radiation(OLR) andanalyzedtemperatureat 100 mbar; Bottom �
mixing ratio of

���
	
at 215mbarmeasuredby MLS andmixing ratio of

���
	
at 100 mbarmeasuredby HALOE. The meteorologicaldataarederived from
NCEP/NCARreanalysisfields, the OLR valuesare from the NOAA-CIRES
ClimateDiagnosticsCenter, theMLS watervaporclimatologyis from Stoneet
al. (2000),andHALOE watervaporclimatologyis from Randelet al. (2000).
P.A. NewmanandD. W. Waugh,privatecommunication,2000.



Figure 2.3 Climatogicalvaluesfor July of: Top � calculatedeastwardcompo-
nentof velocity at 200and100mbar;Middle � calculatedoutgoinglongwave
radiation(OLR) andanalyzedtemperatureat100mbar;Bottom � mixing ratio
of ���� at 215mbarmeasuredby MLS andmixing ratio of ��
� at 100mbar
measuredby HALOE. Themeteorologicaldataarederivedfrom NCEP/NCAR
reanalysisfields,theOLR valuesarefrom theNOAA-CIRESClimateDiagnos-
tics Center, theMLS watervaporclimatologyis from Stoneet al. (2000),and
HALOE watervaporclimatologyis from Randelet al. (2000). P.A. Newman
andD. W. Waugh,privatecommunication,2000.
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Figure 3.1 Globalaveragelineartrendsin upperstratosphericwatervaporde-
rived from HALOE Version18 observationsby Evanset al. (1998)for 1992
to 1996inclusive (crosses)andby Nedoluhaet al. (1998)for September1991
to February1997 (circles). The insert shows a comparisonof the trend for�� �!

betweenMay 1993andOctober1997measuredby a groundbasedmi-
crowave spectrometerat TableMountain,California (34.4" N, 242.3" E) (trian-
gles)to theHALOE trendfor coincidentmeasurements(Nedoluhaet al., 1998).
Theprimarydifferencebetweenthetrendsfor

�� 
!
foundby Evanset al. and

Nedoluhaet al. is due to the statisticaltechnique(e.g.,model of the QBO)
usedto estimatethelinearcomponentof thenonlinear

�� 
!
time series.From

Chapter6, WMO 1999(seechapterfor adescriptionof theerrorbars).



Figure3.2Globallyandannuallyaveragedwatervapourtrendsderviedfrom
zonal,monthlymeanaveragesofVersion19HALOEdatafortwotimeperiods,
asindicated.Errorb

#
arsaretwostandarddeviationsestimatesoftheuncertainty.

FromSmithetal.,GRL,27,1687,2000.



Figure3.3Meanvalueof +2 intheNHlowerstratosphereforeach
deploymentofSPADE (1993), STRAT (1995-1996), andPOLARIS (1997),
filteredb

$
y 1450ppb(totarget“aged” airmasses).Datameetingthefil-

tercriterionwerecollectedpredominantlyb
$
etweenlatitudesof40 and90 N

andpotentialtemperaturesof470and540K.Thefigureshowsmeasurements
of fromtheHarvardinstrumentandof fromtheNOAAACATSin-
strumentonb

$
oard theER-2. Theslopeand80%confidenceof theslope is

0.07 0.08ppmyr , indicatingnosignificant trend in +2 during
1993to1997.Thisstudyalsoreportedalackofseasonalcyclefor +2
inthese“aged” airmasses.FromHurstetal.,J

%
GR,104,8191,1999.



Figure3.4TopP
&

anel. Tropicalmean100hPatemperaturesaveragedat1200
UTCforeachmonthfromJanuary1979toMay1998. Thesolidlineiscom-
putedfromECMWFreanalysesfortheperioduptoFebruary1994. Thedot-
ted line is from the operational analyses for the period since January1992.
B
'

ottomP
&

anels.Timeseriesof100hParadiosondetemperaturesforDecember-
FebruaryatKotaKinabalu(6N,116E),Truk(7N,152E),andPanama(9 N,
80W)from1980/81(labelled81)to1997/98.FromSimmonsetal.,QJRMS,
125,353,1999.



Figure 3.5 Measuredvalueof (*) (redpoint) of stratosphericwater, aftercor-
rectionfor minor contribution from oxidationof heavy methane( +-,�.�) ), mea-
suredin thetrpical lowerstratosphereby ATMOSduringNovember1994.The
horizontalerrorbar representsthestandarddeviation of themean;thevertical
errorbardenotesthealtituderangeof theobservations.Thesolid curve shows
thecalculatedvaluefor (*) for conditionsof thermodynamicequilibrium,desic-
cationto observedlevelsof stratosphericaridity, andnotransportof condensate
acrossthetropopause.FromMoyer et al., GRL, 23, 2385,1996.



Figure 4.1 Observedmixing ratioof BrOvsCFC-11in thelowerstratosphereat
mid-dayduringOctoberandNovember1994(Wamsley et al., 1998)(redpoints
with errorbars)andthecalculatedmixing ratioof BrO for theSZA, abundance
of /10 , 2�/�3 , etc. alongthe track of eachflight. The solid curve is a fit to the
modelsimulations.Thedashedcurve illustratestheWamsley et al. (1998) 46573
relationusedto constrainthe model. This comparisonis similar to Figure7
of Wamsley et al. (1998),which illustratedthat 48573 inferred from observed
BrO substantiallyexceeds48593 inferredfrom measuredorganicbrominesource
gases.R. J.Salawitch, privatecommuication,2000.



Figure 4.2 Calculatedcontributionto 24houraverageozonelossfrom thevari-
ouschemicalfamiliesfor amodelconstrainedby MkIV observationsof :1; and
radicalprecursorsat mid-latitude(e.g.,Senet al., 1998)for two differentas-
sumptionsregarding <6=7> : panel(a) ? theWamsley et al. (1998)relation;panel
(b) ? theWamsley et al. (1998)relation+ 3 pptvof <8=7> . Reactionratesandab-
sorptioncrosssectionsfrom JPL00-3.R. J.Salawitch, privatecommunication,
2000.
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Figure4.3ThesolarspectrummeasuredatKittPeakforSZA=60 (red)and
SZA=88 (blue)on3March1994. PanelA.Theb

#
lack lineshowsthe

laboratory absoprtion spectrum at and ; absorption
dueto isclearlyseen inb

#
oththehighand lowairmassspectra. Panel

B.Residualsafterremovingthesignaturedueto (solid)aresmall,close
totheshotnoiselimitfortheinstrument. TheexpectedabsorptionduetoIO
if1pptvofinorganiciodinehadb

#
eenpresentinthestratosphereisshownb

#
y

thedottedb
#
lueline. Thesemeasurementswereusedtodeduceastratospheric

mixingratiofortotalinorganiciodineof pptv. FromWennbergetal.,
J
C
GR,102,8887,1997.



Figure4.4Differentialslantcolumndensity(DSCD)ofIOmeasuredatNy-
˚Alesund,Spitsbergen(79 N,12E)on23February1997duringmorningtwi-
light(left)andeveningtwilight(right).Themeasurementswereobtainedusing
groundb

#
asedspectrumb

#
etween425to461.5nmrecoredwith0.9nmwave-

lengthresolution. Aspectrumacquiredatnoonisusedasb
#
ackground. The

curvesshowthecomputedDSCDofIOassumingtotalstratosphericiodineof
1.0pptv(dashed)and0.75pptv(solid). Theseobservationhaveb

#
eenusedto

estimateastratosphericmixingratioforIOof0.65to0.80( 0.2)pptvinpolar
spring1997.FromWittrocketal.,GRL,27,1471,2000.
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Figure 4.5 Profilesof the productionrate of Q�R�S (Panel A) and concentra-
tion of OH (PanelB) on 7 November1995over Barber’s Point,Hawaii (21T N,
158T W). The blue curves in Panel A show the productionrateof Q�R S from
RVUXW7Y1Z + Q�[�R (solid: instantaneous;dashed,24 hr average)basedon measured
R1\ and Q [ R . Productionof Q�R�S from RVU W Y1Z + Q [ R dropsby severalordersof
magnitudebetween7 km andthetropopause.Theredcurvesin PanelA show
the productionrateof Q�R S from photolysisof acetone,which hasbeenesti-
matedbasedon measuredcorrelationsof acetonewith CO from theDC-8 dur-
ing thePEM-WestB campaign.Between12 km andthetropopause,measured
concentrationsof OH areunderestimatedby aboutafactorof 2 for amodelthat
neglectsacetonechemistry(bluecurve,PanelB). Includingtheacetonesource
of Q1R S in themodel(redcurve) leadsto betteragreement,but measuredOH is
still underestimatedbelow 14 km. This underestimatemaybedueto improper
estimatesof theabundanceof acetoneor to theinfluenceon Q�R�S of peroxides
convectedfrom the surface(e.g., Jaegle et al., 1997). From Wennberg et al.,
Science, 279, 49,1998.



Figure4.6Observedprofile(symbolswith1 errorb
#
ars)of near30 N

duringApril-May1985b
#
yATMOS(Rinslandetal.,1995)and2Dmodelcalcu-

lationsof assumingnophotolysisof (dashedline)andameasured
upperlimitforthephotolysisrateof (solidline). FromBurkholderet
al.,GRL,27,2493,2000.



Figure5.1TopPanel: Calculatedmixingratioof onthe330Kpotential
temperaturesurfacefor20March1993b

#
asedonab

#
ack-trajectorymethodthat

followsairparcelsfromtheregionofconvectionintothesubtropics.Computed
mixingratioscorrespondtotheminimumvalueoflocalsaturationmixingra-
tioalongtheb

#
ack-trajectory.B

'
ottomP

&
anel:observationsofthemixingratioof

at330Kfor20March1993b
#
asedonECMWF-analyzedmoisturefields.

ThetimeperiodofanalysiscorrespondstotheCentralEquatorialPacificExper-
iment(CEPEX).Thesesimulationsareusedtoarguethatlargescaleadvective
mixingisaviablesourceofsubtropicaltroposphericwatervapor.FromPierre-
humbertetal.,GRL,25,151,1998.


